Introduction
============

The public health burden of type 2 diabetes mellitus (T2DM) has been dramatically increased worldwide. It has been shown that the risk for developing clinical diabetes is substantially increased in the state of impaired fasting glycemia or impaired glucose tolerance. Fasting hyperglycemia is caused by unrestrained basal hepatic glucose output, primarily a consequence of hepatic resistance to insulin action \[[@B1]\]. Insulin resistance not only plays an important role in T2DM but it also is an extremely common feature of a number of important human diseases including atherosclerosis, hypertension, and dyslipidemia \[[@B2]--[@B5]\].

Many traditional plants have long been used effectively in treating many diseases in the world. It has been shown garlic belongs to the Liliaceae family and has diverse biological activities \[[@B6], [@B7]\]. The number of studies pointed to the hypoglycemic effect of garlic is limited; however, the results of such studies are inconsistent. Jain and Vyas \[[@B8]\] have been shown the hypoglycemic effect of garlic extracts with water or several other different organic solvents on the oral glucose tolerance in both normal and alloxan-induced diabetic rabbits. The hypoglycemic effect of garlic oil in diabetic animals and humans has also been reported \[[@B9]--[@B12]\]. However, some researchers failed to show the hypoglycemic effect of garlic in streptozotocin-induced diabetic animal models \[[@B13], [@B14]\]. About the cause of these inconsistent results, some ideas have been suggested but the exact reason is unclear.

Shallot that belongs to the Liliaceae family is a major component of many Asian diets and is widely believed to be beneficial for health. This bulb is darker than garlic and has a stronger odor that correlates with its sulfide component \[[@B15]\]. As far as we searched, there is no previous trial study showing the effects of shallot on glycemic control in insulin resistance animal models. The aim of the present study is to compare the influence of persian shallot aqueous extract with the garlic extract on the FIRI and IPGTT in insulin resistance rats.

Materials and Methods
=====================

Preparation of shallot and garlic extracts
------------------------------------------

Fresh shallot (*Allium ascalonicum*) and garlic (*Allium satium*) bulbs were obtained from the local market in Mashhad, Iran. The shallot and/or garlic bulbs (150 g) in good physical shapes were peeled and homogenized in 100 ml of cold, sterile 0.9% saline in the presence of crushed ice. The homogenization was carried out in a high speed blender for 15 min. The homogenized mixture was filtered 3 times through cheesecloth. The volume of the resulting aqueous extracts was made up to 200 ml with 0.9% saline. The concentrations of the shallot and garlic extracts were considered to be 750 mg/ml. The prepared extracts were stored at −20°C until use. Shallot and garlic extracts of lower concentrations were prepared by dilution of these solutions with cold sterile 0.9% saline.

Animals and treatments
----------------------

Thirty four male albino Wistar rats weighing 180--240 g were purchased from the animal house of Razi research center in Mashhad, Iran. Animal handling was performed with regard to Iranian animal ethics society and local university rules. The animals were conditioned at room temperature and natural photoperiods. After two weeks of acclimation, the animals were divided into two groups. Each group of rats was separately housed in standard cages and had free access to water and standard pellet diet. The first group (10 rats) was used as control and fed with standard rat chow and tap water. Insulin resistance was induced by fructose administration. To produce the insulin resistance animals, the second group (24 rats) received normal chow such as control group and 10% w/v fructose dissolved in drinking water for a period of eight weeks \[[@B16], [@B17]\]. Eight weeks later the fasting blood glucose, blood triglyceride, and serum insulin levels were determined in both groups. The fructose-fed rats were considered as insulin resistance animals. Following induction of insulin resistance in the second group, they were further divided into three subgroups (n = 8). The first subgroup was kept as insulin resistance (sham control) while the second and third subgroups were daily treated by injection (i.p.) 500 mg/kg body weight (BW) of shallot and garlic extract, respectively, for a period of eight weeks. The control and sham groups received 500 ml of 0.9% saline in the same manner.

Biochemical Assays
------------------

Blood glucose, blood triglyceride, and serum insulin levels were measured before and after fructose-feeding, and at 4th and 8th weeks of shallot and/or garlic extract treatment. For this purpose, blood samples were collected from retro-orbital plexus using heparinized microhematocrit tubes. Blood glucose and triglyceride levels were immediately determined by a standard glucose/triglyceride/cholesterol meter (Accutrend GCT, Roche, Germany). In order to prepare serum, the blood was collected in a centrifuge tube and allowed clotting. After centrifuging at 1500 rpm for 10 min, the supernatant (serum) was collected and the level of serum insulin was estimated by the immunoradiometric assay kit (Immunotech, Marseille, France).

Insulin resistance index calculation
------------------------------------

Fasting insulin resistance index (FIRI) was calculated according to the formula \[[@B18]\]:
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Intraperitoneal glucose tolerance test (IPGTT)
----------------------------------------------

Intraperitoneal glucose tolerance test was performed by intraperitoneal injection of a 40% glucose solution (2 g/kg BW). Blood samples were collected from retro-orbital plexus using heparinized microhematocrit tubes immediately before (zero time) and 30, 60, and 120 min after the glucose loading. Blood glucose level was measured with a standard glucose/triglyceride/cholesterol meter (Accutrend GCT, Roche, Germany) and expressed as milligrams per deciliter.

Statistical data analysis
-------------------------

Data are expressed in terms of mean ± standard deviation (SD). Differences in blood glucose, blood triglyceride, and FIRI between control group and insulin resistance group were analyzed by the Student's *t* test. Duncan's multiple-comparison test was used to compare the mean values of fasting blood glucose, FIRI, and the area under the glucose tolerance curve of three fructose-fed subgroups. *p* values less than 0.05 were considered statistically significant.

Results
=======

Induction of insulin resistance with fructose was associated with increasing body weight, fasting blood glucose level, fasting blood triglyceride concentration, and fasting insulin resistance index (Table [1](#T1){ref-type="table"}). The body weight and blood glucose level were higher in the insulin resistance animals than in the controls. Compared to the control group, the FIRI and the fasting blood triglyceride concentrations were significantly increased in the fructose-fed rats (*p*\<0.05). After intraperitoneal glucose loading, the blood glucose concentration in fructose-fed rats was increased dramatically compared to the control animals. Also, the area under the glucose tolerance curve was significantly greater in the fructose-fed group than in the control group (Fig. [1](#F1){ref-type="fig"}) (*p*\<0.05).

The effects of the garlic and shallot aqueous extracts on the intraperitoneal glucose tolerance were studied at 4th and 8th weeks of the insulin resistance induction. At the 4th week, the blood glucose concentration profile as a function of the time during the intraperitoneal glucose tolerance test for the insulin resistance animals with shallot or garlic aqueous extracts treatment were almost similar to those of the control and sham rats (Fig. [2](#F2){ref-type="fig"}A). As shown in Fig. [2](#F2){ref-type="fig"}B, treatment with shallot extract slightly reduced the area under the glucose tolerance curve. Eight weeks treatment with shallot aqueous extract could improve intraperitoneal glucose tolerance and significantly decrease the area under the glucose tolerance curve in insulin resistance rats (*p*\<0.05), whereas garlic aqueous extract could slightly diminish the area under the glucose tolerance curve (Fig. [3](#F3){ref-type="fig"}).

After eight weeks administration, fasting blood glucose level in the shallot and garlic groups was significantly lower than in the sham (Table [2](#T2){ref-type="table"}) (*p*\<0.05). FIRI of different groups are shown in Table [3](#T3){ref-type="table"}. FIRI was significantly decreased by shallot extract (22.80 ± 6.10) when compared with the sham (34.54 ± 11.38) at eight weeks after the treatment (*p*\<0.05).

Discussion
==========

It is believed that poorly controlled blood glucose is the most important factor in the development of diabetes. Insulin resistance is considered as a part of the metabolic risk profile including central obesity, cardiovascular, hypertension, and diabetes. Previous studies have shown that long-term fructose-feeding induces mild insulin resistance in experimental animals \[[@B19]--[@B21]\]. In the present study, rats were fed with a high-fructose diet for a period of eight weeks in order to induce insulin resistance. As indicated in the previous studies on rats and other rodents (e.g. hamster) \[[@B20]\], the results of the present study show that fructose-feeding induces hypertriglyceridemia (Table [1](#T1){ref-type="table"}). This is believed to be related to the hypertriglyceridemic effect of fructose \[[@B22]\]. Fructose feeding stimulates the hepatic production of triglycerides, both by promoting the reestrification of circulating non-esterified fatty acids and also by stimulating de novo fatty acid synthesis \[[@B23]\]. Increased delivery of triglycerides or non-esterified fatty acids to the muscle interferes with the utilization of glucose, through the principles of Randle cycle \[[@B24]\], and also impairs the insulin action. Our results show that fructose-fed group has a higher blood glucose level, FIRI, and blood triglyceride level than that of control group. The measured area under the glucose tolerance curve was significantly greater in insulin resistance group compared to the control group throughout the investigation period. Thus, the fructose-fed animals displayed characteristics typical of insulin resistance.

Garlic and shallot are widely consumed as components of the diet and also as a traditional medication in many countries. Extensive studies have carried out on garlic extracts. They reported the presence of flavonoids and sulfur-containing compounds \[[@B25], [@B26]\]. Garlic and garlic constituents have been shown to have diverse biological activities, including anticarcinogenic, antithrombotic, antimicrobial, antioxidant, antidabetic, and various other biological actions \[[@B6], [@B7], [@B27]\]. There are controversial and opposite results observed in different researches using garlic preparations on blood glucose level. Jain *et al.* \[[@B8], [@B28]\] investigated the effect of extracts of garlic with water or several different organic solvents on oral glucose tolerance in normal and alloxan-induced diabetic rabbits. They found that all kind of garlic preparations possesses an acute hypoglycemic effect. Recently, it is reported that garlic juice reverse hyperglycemic in alloxan-induced diabetic rats \[[@B29]\]. However, Baluchnejadmojarad and Rohgani found no hypoglycemic effect of an aqueous extract of garlic in streptozotocin (STZ)-induced diabetic rats \[[@B13]\]. In the present study, the effects of garlic extract on glucose tolerance and FIRI in fructose-induced insulin resistance animals has been studied. Treatment of fructose-induced insulin resistance rats with aqueous garlic extract (500 mg/kg BW/day, i.p.) for a period of four weeks did not have any effect on the intraperitoneal glucose tolerance. At the 8th weeks of treatment, the area under the glucose tolerance curve, the fasting blood glucose, and the FIRI were decreased by 13, 19.3, and 21.6%, respectively, relative to the insulin resistance rats.

Although numerous scientific studies have been undertaken to test the basis and validity of garlic preventive and curative potential against a range of diseases, little parallel work has been carried out with shallot. Analysis of shallot extracts has confirmed the presence of falvonols such as quercetin, and sulfur compounds such as diallyl disulfide \[[@B30], [@B31]\]. Current knowledge of the properties and constituents of shallot and its analogy with garlic suggests that some biological activities of shallot extracts may be similar to garlic extracts. The effect of shallot extract on the glucose tolerance and insulin resistance index has not been investigated before. Our results show that *in vivo* administration of shallot extract for a period of eight weeks, but not 4-week, could improve glucose tolerance (32%) and decrease fasting blood glucose (24.2%) and FIRI (34%) in insulin resistance rats.

Like many chronic disease, chronic hyperglycemia is widely believed to cause elevated concentrations of reactive oxygen species accompanied by lowered enzymatic and nonenzymatic cell antioxidant defenses \[[@B32], [@B33]\]. Reactive oxygen species have been suggested to be involved in beta cell dysfunction and insulin resistance \[[@B34]\]. The beneficial effect of shallot and garlic extracts on insulin resistance state may be due to the antioxidant capacity of these compounds. Leelarungrayub *et al.* showed that organic solvent and aqueous extracts of garlic and shallot bulbs had significant antioxidant potential, as measured by decrease in free radicals and ability to inhibit lipid oxidation. They showed that shallot extracts have antioxidant properties similar to or slightly higher than those of garlic extracts. The relative antioxidant potentials of the garlic and shallot extracts were related to their content of phenolic and sulfur compounds \[[@B31]\]. Previous studies reported that the total content of phenolic and diallyl disulfide compounds in shallot extract were higher than in garlic \[[@B35], [@B36], [@B37]\].

In conclusion, the results of the present study indicate that neither shallot nor garlic extracts had a significant effect on the FIRI and the glucose tolerance at the 4th week of treatment, but both shallot and garlic extracts can significantly decrease fasting blood glucose in insulin resistance rats at the 8th week post-treatment. The IPGTT and the FIRI were significantly improved only after 8-weeks treatment with shallot extract. These results suggest that aqueous shallot extract is a stronger hypoglycemic agent than the garlic extract and it may be a useful supplemental remedy in insulin resistance state. However, further studies should be performed to find out the effectiveness of long-term treatment and the best effective dose of these plants in fructose-fed animal model of insulin resistance.
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###### 

Body weight, blood glucose level, fasting insulin resistance index, and blood triglyceride level of fructose-fed and control groups after induction of insulin resistance.

                         Control\*        Insulin Resistance
  ---------------------- ---------------- --------------------
  Body weight (g)        245.23 ± 17.87   265.13 ± 17.72
  Glucose (mg/dl)        140.21 ± 15.54   152.05 ± 17.76
  FIRI                   19.92 ± 5.30     23.97 ± 4.38
  Triglyceride (mg/dl)   73.47 ± 5.75     105.09 ± 25.93

Values are the mean ± SD for at least 10 rats per group. \**p*\<0.05 (compared to the insulin resistance group).

###### 

The effect of treatment of insulin resistance rats with shallot or garlic aqueous extract on the fasting blood glucose level at 8-week treatment period.

  Animal groups                  Glucose (mg/dl)
  ------------------------------ -----------------
  Control (*n* = 10)\*           166.92 ± 14.26
  Insulin Resistance (*n* = 6)   194.13 ± 27.63
  Shallot (*n* = 6)\*\*          147.14 ± 36.37
  Garlic (*n* = 8)\*\*\*         156.5 ± 15.38

Data are the mean ± SD. \**p*\<0.05, \*\**p*\<0.05, \*\*\**p*\<0.05 (significantly difference from the insulin resistance group).

###### 

The effect of treatment of insulin resistance rats with shallot or garlic aqueous extract on the fasting insulin resistance index (FIRI) at 8-week treatment period.

  Animal groups                  FIRI
  ------------------------------ ---------------
  Control (*n* = 10)\*           19.51 ± 5.17
  Insulin Resistance (*n* = 6)   34.54 ± 11.38
  Shallot (*n* = 6)\*\*          22.80 ± 6.10
  Garlic (*n* = 8)               27.08 ± 9.89

Data are the mean ± SD. \**p*\<0.05, \*\**p*\<0.05 (significantly difference from the insulin resistance group).
